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INVESTIGATION OF

CREEP BEHAVIOR OF THE GLASS
FIBER REINFORCED COMPOSITE
MAGNET STAND-OFFS

INTRODUCTION AND BACKGROUND

The energy doubler project at Fermi National Accelerator
Laboratory is considering employing glass fiber reinforced
polymers (GFRP) as magnet stand-offs in the cryogenic parti-
cle accelerator. The use of fiberglass supports stems from

the excellent insulating and strength properties of these

types of composites. Upon magnet assembly, these supports

are compressively loaded at room temperature and stored for

a period of time which may range from one month to a numberx

of years. Once the magnet is placed into service, the
environmental temperature of the composite is dropped from
300°K to 78°K and subsequently to 4°K, which is the operating
temperature of the cryostat. The GFRP stand-offs, as a result,
experience a total temperature excursion from room temperature
to 4°K while under a predetermined initial compressive assembly
load. The main role of the stand-offs is to maintain alignment
to the inner magnet core while allowing very little heat flow
into the 4°K environment. If alignment is lost, the magnet
loses accurate particle guidance and must be replaced. The
stand-offs, therefore, must remain structurally rigid not
exhibiting extensive creep at room temperature storage or at
cryogenic operation.

In order to select a composite which is best suited for this
cryogenic application, an accurate prediction of the strain
response of GFRP across wide temperature ranges must be
achieved. Since most GFRP exhibits near linear stress-strain
response from room temperature to 4°K, it has been often
erroneously assumed that these materials are elastic, having

a Young's modulus which is highly temperature dependent.
Accordingly, this assumption leads to gross miscalculations of
strain during the temperature excursion while the material is
under stress.

NORTH WASHINGTON AT EAST-WEST TOLLWAY o BOX 353 ¢ NAPERVILLE » ILLINOIS e 60540 » {312) e 35565722
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Since fiberglass is empirically known to creep signifi-
cantly throughout the temperature spectrum with creep rates
decreasing with decreasing temperature, an accurate strain
accounting method must be employed to separate creep and
elastic strains while stresses are present in order to
precisely predict total strain. Moreover, accounting for
total strain components as being elastic or creep provides
for an accurate determination of total strain over wide
temperature excursions and gives an explanation for the
immoderate temperature sensitivity of the slope of the stress-
strain curve.

MATERIALS TESTED

Three materials were tested for room temperature creep
response in a constant load creep fixture shown in Figure 1.
The specimens are designated as Gl0, Gl1 and a laminate which
is composed of alternating steel shim-fiberglass sandwich
arrangement. All specimen dimensions are shown in Figure 2.

THEORY

The equation for total strain under constant load is:

_ 0 o] n
£ o + j;r— t
where E, is the modulus at 4°K,

E; and n are empirical constants,
g 1is the applied stress and

t 1is the elapsed time in minutes.

This equation accounts for both elastic and time dependent
strains (creep strain) over time. In order to evaluate the
material parameters in the above equation, constant load

tests were performed measuring strain extensions over time.
It is noted that during initial loading to constant stress,
the GFRP strain response exhibits two components of strain:

e The elastic portion dictated by the
modulus at 4°K.
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e The creep portion dictated by the
creep behavior of the GFRP at the
test temperature.

Together these components define the stress-strain response
of GFRP which exhibits a near linear relatlonshlp for stress R
as a function of strain. For_the ti | where a load is SR

being ramﬁed to . a constaea§5j1g§w;%é;mwnb'HE“%UE“I—ESEE3hent
accumulated creep strain may be mathematically described

as:
L-"':F } ettt /
i g / (. Tl
€ = - A e LL I[ Laae v, . Lo
Foet .

creep Eroom Eo -
where E is the slope of the stress-strain

room

curve at room temperature.

This component of creep must be accounted for in all subsequent
data taken over time in order to effectively characterize the
material. If this component is ignored, (i.e., time is taken
as 0 after the constant stress value is achieved), any creep
measurements made employing this offset "time base" will be
erroneous. Plotting the creep data cobtained in the manner
described on log-log paper results in a straight line of slope
n and a unit tlme intercept equal to ¢ .

RESULTS AND DISCUSSION
General

The constant strss creep tests performed determine the empirical
constants for the GFRP and the laminate as shown in Table 1.

It must be noted that the constant Ep, was asgumed for each
individual material and was not feasufed. 1In drdér to improve
the accuracy of the results, it is suggested that the modulus

of the GFRP and the laminate be measured at a low temperature

at or near 4°K. Nonetheless, the materials may be comparatively
ranked in order of creep resistance and these are as follows:

e The laminate exhibits maximum creep
resistance over time as shown by the
material parameters in Table 1 and the
graphs in Figure 8.
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© The Gll material exhibits somewhat
less creep resistance than the laminate
as shown in Table 1 and Figure No's. 6
and 7.

e Lastly, the least creep resistance is
exhibited by Gl10 as shown in Figure No's.
3, 4 and 5.

It is noted as a general result, that none of the materials
studied exhibit very low creep extension as is dictated by
the cryogenic application.

Creep Compliance and Relaxation Modulus

With the creep and elastic strain components described in this
manner and with the value of the exponent n being small (less

than 0.1}, a stress relaxation analysis may be performed using
constant stress creep data. This analysis proceeds as follows:

® Using the constant stress creep equation,

9] 8] n
Eqg E, t

and factoring it into the following form,

_ 1 1 n\ P SR
£ = 0 <F“ g t./ ‘ & £

defines, what is technically termed, the
creep compliance of the material. Since
n is less than 0.10, the creep compliance
may be used to determine the relaxation

modulus, which may be written as follows:

-1

g = E -+ t

This equation may be used to describe stress
as a function of time with strain being held
constant, which is the technical description
of the stress relaxation test.
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It is noted from the results -that a large amount of creep
strain is accumulated on the loading portion of the creep
tests performed. This creep component of strain will not

be recovered upon a temperature decrease while at constant
stress, but will be rapidly expended by the material upon
temperature increase at constant stress. This may be simply
reiterated as follows:

® GFRP will not exhibit a change in
strain due to increasing modulus via
a temperature decrease.

@ GFRP, on the other hand, will exhibit
a change in strain due to a decrease
modulus under constant stress via a
temperature increase.

In like vein, in situations where total strain is being held
constant, the stress on the material will not increase due to
a modulus increase resulting from temperature decrease.
Correspondingly, the stress on the material under a constant
strain condition will decrease if the modulus decreases due to
temperature increase.

Creep At Temperatures Other Than Room Temperature

Creep behavior and stress-strain behavior of GFRP at temper-
atures other than 300°K (room temperature) may be mathematically
described by adjusting the general creep equation described
earlier. A replacement for t by { will permit use of the creep
equation at various temperatures down to 4°K. The new gener-
alized equation is written as follows:

_ 1 1 n

where £ is temperature shifted real time and is defined as

follows:
1 1
Q (Tn - T
E = te :

where Q0 is a constant,

t is the real time,

®

is the naperian log base or 2.71828.
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Ty 1is the absclute reference temperature
in °K and

T is the absolute test temperature in °K.

Making the substitution for real time by a temperature shifted

time, £ , through an Arrhenius based equation is a mathematical
method of employing the time-temperature super-position principle.
In simpler terms, the time temperature super-position principle
effectively states that as the temperature decreases the real

time for a given event increases. Moreover, the time-temperature
super-position pr1nc1ple employed in the creep equation effectively
states that a given amount of creep will require an identical
amount of temperature shifted real tlme, £ , regardless of
temperature; the real time for this given amount of creep extension,
however, will be drastically different depending on the temperature.

Respectfully submitted,

PACKER ENGINEERING ASSOCIATES, INC.

A A4

Edward M. Caulfigfd, Ph.D.,
Director of Megkanical Engineering
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TABLE 1
COMPOSITE MATERIAL PROPERTIES
= = (£, ]
;/W‘?sq R I N B
o __/j%m-ﬂ:'/j e T/
SAMPLE Eo* - Ei
G10-2 1.5 x 10° /37 220 x 10°
G10-3 1.5 x 10° /< v2:28 x 10°
G1l0-4 1.5 x 10° 4, 2¢10 x 10°
Gl1-2 1.5 x 10° 1.42 x 10°
G11-3 1.5 % 10° 1.46 x 10°
. [ P 8 o 6
Laminate <f2;0~x~%9@: 20397 x 10
/\({\t’z_ s
g D}
.

*Assumed value at 4°K
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